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Abstract 
Bagasse stockpile operations have the potential to lead to adverse environmental and 
social impacts. Dust releases can cause occupational health and safety concerns for factory 
workers and dust emissions impact on the surrounding community.  
Preliminary modelling showed that bagasse depithing would likely reduce the 
environmental risks, particularly dust emissions, associated with large scale bagasse 
stockpiling operations. Dust emission properties were measured and used for dispersion 
modelling with favourable outcomes.  Modelling showed a 70% reduction in peak ground 
level concentrations of PM10 dust (particles with an aerodynamic diameter less than 10 µm) 
from operations on depithed bagasse stockpiles compared to similar operations on stockpiles 
of whole bagasse. However, the costs of a depithing operation at a sugar factory were 
estimated to be approximately $2.1 million in capital expenditure to process 100,000 t/y of 
bagasse and operating costs were approximately $200,000 p.a. The total capital cost for a 
10,000 t/y operation was approximately $1.6 million. The cost of depithing based on a 
discounted cash flow analysis was $5.50 per tonne of bagasse for the 100,000 t/y scenario.  
This may make depithing prohibitively expensive in many situations if installed exclusively 
as a dust control measure. 
Introduction 
As the industry moves towards increasing revenue from bagasse, through electricity 
generation or value-added products such as bioethanol, there is an increasing requirement for 
larger scale bagasse storage to permit operations to continue outside of the crushing season. 
The potential environmental hazards associated with dust, groundwater seepage and 
leachate from bagasse stockpiling operations, and the impact of these hazards on the 
surrounding environment and communities, are reported in a guideline published by the 
Queensland Government Department of Environment and Resource Management (DERM, 
2010). Depithing is one option for mitigating dust as a potential hazard. 
Smaller bagasse particles (pith) are more likely to become and remain airborne during 
typical handling operations. Airborne dust has workplace health and safety implications for 
the sugar factory and can also generate complaints from surrounding communities. The 
presence of the pith in bagasse has operational impacts also. Pith fills the voids between 
larger fibre particles in a bagasse stockpile, making the stockpile less porous and increasing 
bulk density. 
Bagasse which has not been separated into pith and depithed bagasse is herein referred 
to as whole bagasse. If pith can be economically removed from whole bagasse prior to 
stockpiling it is likely that less dust will be produced during bagasse stockpile operations. In 
addition it is possible that free water in a stockpile will drain more quickly, reducing water 
retention and hence reducing bagasse decomposition and the generation of decomposition 
products. This may lead to reduced impacts associated with groundwater seepage and 
leachate from bagasse stockpiles. These and other potential impacts, such as spontaneous 
combustion, are discussed in other literature written by the authors (O’Hara et al., 2012; 
Rainey et al., 2012). 
This paper reports on the modelling work to assess the likely beneficial effects on dust 
emissions from stockpiling of depithed bagasse and the capital and operational costs of 
depithing bagasse for large-scale storage.  
The nature of pith 
During the processes of shredding and milling of sugarcane, pith is liberated. On a dry, 
water insoluble basis, the resulting bagasse from the extraction process consists of pith from 
the centre of the plant and other fibres (these other fibres are here-on referred to as ‘fibre’). 
The pith makes up around 40% of bagasse (Rainey, 2009). Differentiating pith from the fibre 
is particularly important in the context of this article. 
The pith portion of the plant is anatomically quite different to the fibre portion. Pith is 
composed of thin walled parenchyma cells (Giertz and Varma, 1979), that are squarer (i.e. 
lower aspect ratio) with a maximum length in the order of 520 µm (Rainey et al., 2009) and 
have an average diameter of 140 μm (Paul and Kasi Viswanathan, 1998). Cells found in the 
fibre are typically 1.0 to 1.2 mm in length and 20 μm in diameter, with a wall thickness of 
5 μm and a lumen diameter of 10 μm (Paul and Kasi Viswanathan, 1998; Rainey et al., 
2010). 
Commercial depithers 
Depithing bagasse is essential for making high quality bagasse-based paper and 
commercial depithing equipment was developed for this industry which is worth around $5 
billion (Rainey, 2009).  Conventional depithing equipment can be readily bought off-the-
shelf from suppliers and supplier information and quotes were used in this study.  
Conventional depithing equipment used at pulp mills only removes about 30% of the 
weight of bagasse (Atchison, 1971a; Atchison, 1971b; Rao, 1997), suggesting that 
commercial depithers remove only about 75% of the pith component.  
Historically, there were several different depither designs available from suppliers.  
Atchison (1971a), Rao (1997) and Paturau (1989) provide a good overview of these 
technologies. Modern depithers supplied from most manufacturers are typically composed of 
hammers mounted on a vertical shaft (Fig. 1). The rotating assembly is mounted with straight 
hammers and operates at high speed, typically 1000 – 1800 r/min. Whole bagasse is fed into 
the top of the unit and it is hit by the hammers, opening up clumps of bagasse. The pith is 
thrown through a screen whilst the fibre falls down the centre of the unit to a conveyor. The 
pith and fibre are conveyed away separately. Some older depither designs that were available 
from suppliers were mounted on a horizontal shaft, such as the Horkel (Paturau, 1989) or 
SPM depithers (Atchison, 1971a). The widespread use of depithers in India for paper 
manufacture makes it likely that several of the older designs remain in use. 
 
Fig. 1- Sketch of a depither (Lois et al., 1980). 
The depither hammers need to be periodically maintained and replaced. Typically, 
hammers may last several weeks depending upon bagasse feed rate and quality, however it 
was reported in one particularly problematic instance that the hammers had to be replaced 
every three days (Koen, 1980). Some designs allow for isolating and replacing groups of 
hammers, rather than replacing the hammers individually.  
Depithers are usually arranged in banks. Whole bagasse enters the depithing station 
from the sugar factory and falls through the depithers through a series of chutes. The bagasse 
may be fed into the depithers by a screw or a slat conveyor. Inside the depither, the pith is 
separated from the fibre, combined with pith from other depither units and conveyed away on 
common conveyor belts. 
For paper production, depithed bagasse is stored wet (i.e. >80% moisture) for up to 12 
months as this maximises the quality of the fibre for paper manufacture. Moist depithed 
bagasse is rarely stored and its storage behaviour is not well documented in the literature. It is 
not known if there are any factories currently storing moist depithed bagasse. 
Methodology 
Dust dispersion modelling 
Fresh bagasse was obtained from Condong Mill in September 2010. The size 
distribution of pith and whole bagasse was measured as it is a key input into the dust 
dispersion model. The size distribution of depithed bagasse was calculated based on the size 
distributions for whole bagasse and pith.  
A hammer mill style depither was not available for this project and hence depithing 
trials were carried out using a vibrating sieve. A sieve with an aperture of 1.575 mm was used 
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and pith was defined as being the component of the bagasse that passed through a screen of 
this size. A 1 kg bagasse sample was placed into the sieve, the vibrating motor was turned on 
and the bagasse was gently mixed by hand. The smaller pith particles passed through the 
sieve and were collected. The samples were weighed before and after each depithing run to 
determine the proportion of pith separated from the bagasse.  
The time taken to completely depith the whole bagasse was measured. The average 
time for complete depithing was approximately 210 seconds. At this time it was observed that 
small fibre strands were beginning to pass through the sieve with very little pith remaining in 
the sample. Using this technique, almost all the pith could be removed (~40% of the bagasse) 
and analysed.  
Sieving bagasse in the laboratory removed a higher proportion of larger pith than a 
commercial depither (~40% of total material removed in a sieve compared with ~30% 
removed in a commercial depither).  However, this has only a minor impact on the modelling 
of dust concentrations conducted in this study because sieving removes more of the larger 
pith material. 
The dispersion modelling code AUSPLUME was used to predict ground level 
concentrations of particles with equivalent spherical diameter less than 10 µm (PM10) 
produced during operations on a 150 m by 110 m stockpile of bagasse or depithed bagasse. 
Ground level concentration is defined as the concentration in air of a pollutant to which a 
human being is normally exposed, i.e. between the ground and a height of some 2 metres 
above it. The focus of the dust modelling in this paper is on PM10 dust particles rather than 
larger nuisance dust particles.   
Generally pith particles have smaller aspect ratios (< 2) than fibre particles (>2) but it 
should be noted that there will be a wide range of particle shapes in any sample of bagasse, 
pith or depithed bagasse. This variability makes it difficult to accurately determine the size 
distribution of bagasse, pith or depithed bagasse. Laser particle size analysis is the most 
commonly used method for determining the size distribution of fine particles. When the 
particles are spherical the correct diameters are reported but when the particles are irregularly 
shaped, laser particle size analysis becomes less accurate and the reported diameters are those 
of equivalent volume spheres. Sieving is frequently used to determine particle size 
distributions for bagasse but sieving can often give inconsistent results for particles with large 
aspect ratios (like fibre particles) as the particle passage through a screen is affected by 
particle orientation. Sieving is also unsuitable for very fine particles because the small holes 
required in the screen would become blocked. In this work it was decided to use laser particle 
sizing to determine the size distribution of a pith sample and use sieve analysis data to 
determine the size distribution of a whole bagasse sample. To make the bagasse particle size 
distribution consistent with the pith particle size distribution, the common assumption of 
bagasse particles being cylinders was made and a diameter of an equivalent volume sphere 
(deq) was calculated for the bagasse particles using 
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where d is the cylindrical particle diameter and l is the cylindrical particle length. 
The geometry (diameter, length) and size distribution for whole bagasse used in this 
study were based on sieve, micrometer and microscopic analyses. With the whole bagasse 
and pith size distributions both expressed in terms of deq an approximate size distribution for 
depithed bagasse could be determined. 
The size distributions, based on deq, for whole bagasse, pith and depithed bagasse are 
shown in Table 1.  
Table 1- Mass fractions (%) associated with each size range for whole bagasse, pith and 
depithed bagasse. Size ranges based on the diameter of an equivalent volume 
sphere (deq). 
Size group Whole bagasse Pith Depithed bagasse 
< 10 µm 0.65 1.43 0.19 
10 µm – 50 µm 2.03 3.83 0.76 
50 µm – 100 µm 2.64 6.56 0.95 
100 µm – 500 µm 25.81 55.79 7.59 
500 µm – 1000 µm 32.34 27.54 44.91 
1 000 µm – 5 000 µm 34.78 4.85 43.29 
5 000 µm – 10 000 µm 1.65 0.00 2.19 
> 10 000 µm 0.10 0.00 0.12 
 
The dust dispersion model was calibrated using measured dust fallout data from a 
similarly sized stockpile during a period with stockpile operations. The simulations used 
meteorological data files from a typical Queensland sugar milling region but did not take into 
account the effects of surrounding buildings or trees. As only PM10 particles were modelled 
in this work, fallout of larger dust particles was ignored. All simulations carried out in this 
work used the Pasquill Gifford horizontal and vertical dispersion curves adjusted for surface 
roughness. The modelled plume rise took buoyancy into account. An averaging time of 24 h 
was used. The modelled stockpile had dimensions of 150 m length in the west to east 
orientation. 
Economic analysis modelling 
Capital and operating costs of a depithing operation were estimated for installation at a 
typical sugar factory. Two different sized depithing operations were considered for costing: a 
larger installation for processing 100,000 t/y of whole bagasse and a smaller depithing 
operation of 10,000 t/y.  
Quotes and budgetary pricing for equipment were obtained from equipment 
manufacturers. Quotes were provided in US dollars and Euros as well as in Australian 
dollars.  Assumptions in the analysis included: the depithing operation runs for 150 days per 
year; time efficiency is 95%; and the commercial depither removes 30% of the whole 
bagasse. Long term average exchange rates of A$1 buys US$0.80 and €0.66 are used in this 
study. The installation costs were estimated using published ‘ratio factors’ (herein referred to 
as ‘cost factors’) for solid processing plant (Peters et al., 2003).  
A discounted cash flow (DCF) analysis was performed to calculate the amortised cost 
of depithing one tonne of bagasse. The cost was calculated by assigning a value to bagasse 
which would be required to achieve a neutral Net Present Value over the life of the project. 
The analysis used the 100,000 t/y scenario over 15 years with a 15% discount rate and 10% 
scrap value. The capital and operating costs calculated in the following sections were used. 
100,000 t/y installation 
A depithing operation processing a whole bagasse feed rate of 100,000 t/y will process 
on average 29 t/h of whole bagasse. Two standard 16 t/h depither units were selected for cost 
estimation (10% additional capacity) and ancillary equipment, such as motors and hammers, 
were sized on that basis. A conceptual Process Flow Diagram (PFD) of the 100,000 t/y 
depithing installation is presented in Fig. 2. Bagasse is withdrawn from the conveyor that 
transports bagasse to the bagasse outloading station. It is split between the two depither units 
and fed into each depither through a feed chute. The depithed bagasse and pith from the two 
depithers are transported by two conveyors; one for depithed bagasse and one for pith. The 
depithed bagasse is transported by truck to a stockpile and the pith is returned immediately by 
conveyor to the bagasse conveyor feeding the boilers. Other general assumptions are 
provided in Table 2. 
10,000 t/y installation 
The nominal whole bagasse feed rate for a 10,000 t/y installation is 3 t/h.  It was 
assumed that the PFD would be similar to the 100,000 t/y case with the exception that a 
single smaller depithing unit and a smaller motor would be required.  Other than that, the 
assumptions used for the 100,000 t/y installation were mostly the same as for the 10,000 t/y 
installation. Notably, the cost of the conveyors was assumed to be the same as for the 
100,000 t/y case and the commissioning of the depithers is a fixed price and is thus 
independent of the installed capacity. 
The cost factors provided in Table 3 are for solid processing plant (Peters et al., 2003). 
Commissioning of the depithers by the supplier’s engineer is assumed to be a fixed cost and 
therefore a cost factor was not applied to commissioning. 
In addition to the capital costs, the operating and maintenance costs were also assessed. 
Hammer replacement costs are based on supplier information. Apart from hammers and 
general maintenance costs, the other main operating cost is electricity. The assumptions for 
the operating cost estimation are shown in Table 4. 
Table 2- General assumptions for determining the capital cost of a 100,000 t/y depithing 
operation. 
Parameter Assumption Comments 
Depither capacity 16 t/h 
~10% above that required for 100,000 t/y; 30% pith 
yield 
No. of depithers and motors 
required 2  
Price per depither $69,500  
Price per motor $18,000 Supplier quote 
Cost of hammers $24,000 2 sets, exc. Freight 
Working capital- hammers $36,000 
First changeover + spare = 3 additional sets, exc. 
Freight 
Conveyor length total 60 m  
Price of conveyors per metre $4,250 Supplier quote 
Conveyors installation $280,500 Supplier quote calculated, exc. freight. 
 
Fig. 2 - Conceptual Process Flow Diagram for a 100,000 t/y depithed bagasse stockpile. 
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Table 3- Installed cost factors (% of equipment cost; Peters et al., 2003). 
Parameter Cost factor (%) 
Installation 45 
Freight  3 
Instrumentation & control 16 
Piping 16 
Electrical 20 
Building 25 
Yard improvements 15 
Services 40 
Engineering & supervision 33 
Construction expenses 39 
Legal 4 
Contingency 35 
Working capital- 
unspecified 15 
 
Table 4- Assumptions for operating costs for two depithing installations. 
Parameter 100,000 t/y 10,000 t/y 
General maintenance (% capital p.a.) 3.50 3.50 
Electricity price ($/MWh) 80 80 
Power consumption (kW) 400 40 
Total energy used (MWh) 1368 136.8 
 
Results and discussion 
Plume dispersion modelling 
Fig. 3 shows a contour plot of the predicted 24 h average PM10 ground level 
dust concentration (mg/m3) distributions around the (a) whole bagasse and (b) 
depithed bagasse stockpiles. The predicted concentrations in Fig 3 are those due to 
typical bagasse stockpiling and transport operations and are therefore relative to the 
normal background dust concentrations. Note the air quality objective in the 
Environmental Protection (Air) Policy 2008 (Queensland Government, 2012) is 
50 g/m3 for PM10 at ground level over a 24 h average. In all cases the predicted peak 
ground level PM10 dust concentration was about 80 m from the edge of the stockpile 
and in a north-westerly direction. 
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(a) Whole bagasse    (b) Depithed bagasse 
Fig. 3 - Plan view of the predicted PM10 24 h average ground level dust 
concentration (µg/m3) distribution around the modelled 150 m by 110 m 
stockpiles for (a) whole bagasse and (b) depithed bagasse. Dust 
concentrations are relative to normal background levels (without any 
stockpiling or transport operations). The positive y axis corresponds to 
north. The red rectangle denotes the stockpile 
The peak 24 h average concentrations of PM10 dust for each of the stockpiles are 
shown in Table 5. 
Table 5- Predicted peak 24 h average PM10 dust concentrations (µg/m3) around the 
modelled bagasse and depithed bagasse stockpiles. 
Bagasse stockpile Depithed bagasse stockpile 
32.4 9.4 
 
Depithing reduced peak 24 h PM10 dust concentration from 32.4 µg/m3 to  
9.4 µg/m3, a reduction of 71%. 
 
Economic modelling 
The capital cost of a 100,000 t/y bagasse depithing operation was estimated to 
be $2.10 million.  
The highest equipment cost in the depithing operation is the conveyors. A 
budget pricing for conveyors of $4,675 per metre was used.  For the conveyor cost 
estimation, it was assumed that 60 m of industrial conveyors would be required for the 
depithing operation, i.e. $280,000 (inc. GST and excluding freight). This is a very 
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significant proportion of the total equipment cost ($516,000) and hence the total 
capital cost of the equipment is highly sensitive to the length and type of the 
conveyors. Table 6 shows the breakdown of the costs associated with installation. The 
total installed cost was 4.1 times the cost of the purchased equipment.  
The operating and maintenance costs are estimated to be approximately 
$187,000 per year as shown in Table 7.  A complete set of hammers contains 44 
knives. The hammers consist of one set of hammer knives which are fixed to the shaft 
via the knife holders. The knives are turnable, which means each set of knives can be 
used twice. Knives can process around 12,000 t before they need to be reinstalled, 
therefore a set of hammers lasts for around 24,000 t. Information provided by 
suppliers indicates that it typically takes two fitters 10 - 12 h to replace a set of knives.  
The capital cost of the 10,000 t/y unit was $1.6 million which is also shown in 
Table 6. The savings by reducing the size of the depithing operation are relatively 
minor. The major savings are in the cost of the depither, the hammers, the motor, the 
working capital and the associated installation costs.  It was assumed that the cost to 
purchase and install the conveyors, which is the largest single equipment cost, would 
not change and hence the capital cost is very sensitive to this assumption. 
The operating costs for the 10,000 t/y case was around $40,000 per year as 
shown in Table 7.  A set of hammers would be expected to last for two seasons.  
Table 6- Capital costs ($) for a 100,000 and 10,000 t/y depithing operation. 
 100,000 t/y 10,000 t/y 
Total equipment cost 515,550 392,750 
Installation 231,998 176,738
Freight 15,467 11,783
Instrumentation & control 82,488 62,840 
Piping 82,488 62,840
Electrical 103,110 78,550
Building 128,888 98,188 
Yard improvements 77,333 58,913
Services 206,220 157,100
Engineering & supervision 170,132 129,608 
Construction expenses 201,065 153,173
Legal 20,622 15,710
Commissioning cost 6,496 6,496 
Contingency 180,443 137,463
Working capital 77,333 58,913
Total additional costs 1,584,079 1,208,311 
Total capital expenditure 2,099,630 1,601,060 
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Table 7- Operating costs ($) for the 100,000 and 10,000 t/y case. 
 100,000 t/y 10,000 t/y 
General maintenance 18,044 13,746 
Electricity cost 109,440 10,944 
Labour 10,000 10,000 
Hammers 50,000 5,000 
Total operating costs 187,484 39,690 
 
The DCF analysis indicated that the cost of depithing is around $5.50 per tonne 
of bagasse.   
Additional considerations 
As well as reducing dust levels, there are energy implications for depithing. 
Depithed bagasse has less capacity to hold water which may result in lower moisture 
bagasse going into the boiler and less bagasse degradation, increasing combustion 
efficiency.  However, smaller particles such as pith burn more efficiently but have 
higher ash and water content. The combustion of pith and depithed bagasse is 
discussed elsewhere in these proceedings (Mann and O’Hara, 2012). 
Preliminary modelling (not reported here) suggests that there is unlikely to be a 
significant change in the risk of self-heating of bagasse stockpiles resulting in 
spontaneous combustion of the stockpile for a depithed bagasse stockpile compared to 
a whole bagasse stockpile, however further assessment of this risk is required. 
Dust will also be generated in the depithing operation including the transfer 
operations for bagasse, depithed bagasse and the return of pith to the bagasse 
conveyor system. Engineering controls will be required to ensure that dust generated 
in the depithing operation is well controlled.   
Prior to recommending depithing as a viable and lower risk storage strategy for 
large scale bagasse storage, validation of the modelling work including the impacts on 
leachate generation and self-heating are required. This work would include the 
construction and assessment of a depithed bagasse stockpile. Depithing also has 
implications for the bulk density and compaction of the stockpile, permeability and 
water holding capacity which are the topic of another article (Rainey et al., 2012). 
Conclusion 
The dust dispersion modelling carried out in this work predicted that the model 
stockpile of depithed bagasse would produce lower concentrations of very fine (PM10) 
dust particles than similar operations on a whole bagasse stockpile. 
The costs associated with a depithing operation were considered for a 
100,000 t/y operation and a 10,000 t/y operation. It was found that the capital cost of 
the depithing installation modelled was $2.1 million and $1.6 million respectively, 
although this will vary significantly between sites for a commercial installation. 
Amortised over the life of the plant, this corresponded to a cost of $5.50 per tonne of 
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bagasse for the 100,000 t/y scenario.  For factory operations, the size and cost of the 
conveyors is a critical cost factor as it accounts for around 50% of the purchased 
equipment costs.  A change in the length or type of conveyor significantly affects the 
overall capital cost. Particularly for small scale bagasse stockpiles, unless the 
conveyor cost can be significantly reduced, depithing may be prohibitively expensive 
if installed exclusively as a dust control measure. 
Apart from reducing dust emissions from stockpile operations, there are other 
impacts which must be considered including combustion efficiency, control of dust at 
the depithing operation, leachate generation, self-heating and cost which have been 
published elsewhere by the authors (O’Hara et al., 2012; Rainey et al., 2012; Mann 
and O’Hara, 2012).  
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